We show that the observed correlation between the luminosity of young stars and the richness of associated clusters does not necessarily imply that there is a physical mechanism that favours the formation of massive stars in clusters. Instead, the data are compatible with a scenario in which stars are assembled at random into clusters with a spectrum of membership number, N. We also show that the required spectrum is of the form gN G N 2a , where a is in the range 1.5 to 2, and note that this is also the mass spectrum of clumps in molecular gas.
I N T R O D U C T I O N
Recent deep imaging in the neighbourhood of young stars of high and intermediate mass has suggested that there is a striking correlation between the spectral type of the target star and the typical`richness' (i.e., membership number) of the associated cluster (Hillenbrand 1995; Testi et al. 1997; Testi, Palla & Natta 1998 , 1999 Later type stars are associated exclusively with small clusters (membership number N of a few), whereas earlier type stars are associated with a wide range of values of N, including highly populous clusters with N around 100. One interpretation of this (e.g. Testi et al. 1999) , is that the mechanism for massive star formation is physically associated with, or even requires, a cluster potential, as, for example, in the model of Bonnell, Bate & Zinnecker (1998) , where massive stars form through coalescence of fragments in the dense core of a cluster.
In this paper we show that the observational data do not require such an interpretation, but are instead compatible with the statistics of randomly assembling stars from the IMF into clusters with a range of sizes. The key point is that the target selection provides information on the cluster size distribution as a function of the cluster's most luminous member. Evidently, a lower luminosity star is likely to be the most luminous member only in the case that it belongs to a small cluster, whereas the highest luminosity stars will automatically fulfil this criterion and thus will be associated with clusters of all sizes. This random selection model (henceforth the null hypothesis) therefore predicts that both the mean and variance of cluster size should increase with stellar luminosity, in qualitative agreement with the observations.
In Section 2 we set out the statistical predictions of the null hypothesis, and in Section 3 we test the data against this model. We summarize our conclusions in Section 4.
P R E D I C T I O N S O F T H E N U L L H Y P O T H E S I S
We assume that stars are drawn from an IMF, such that the fraction of stars with masses in the range m to m dm is f(m) dm, and assembled into clusters with a size spectrum such that the fraction of clusters with membership number N in the range N to N dN is g(N) dN. We focus on stars in a particular mass range m to m dm, such that the probability of a star being drawn at random in this mass range is p. For clusters containing N stars, the fraction of clusters containing at least one star in this mass range is 1 2 1 2 p N , which (for p ! 1) can be approximated by , Np. Amongst these clusters, the fraction for which the star of mass m is the most massive star in the cluster is given by l N21 m , where l m is the probability that a star is less massive than m, i.e.,
Therefore the fraction of clusters (of size N) with a star in this mass range which is also the most massive star in the cluster is , Npl We also calculate the expected mass distribution of target stars (i.e., of the stars that are the most massive members of their associated clusters). From above we have the result that the fraction of clusters, size N, that have a most massive star in the range m to m dm is Npl 
Method
The data (see Testi et al. 1999 ) consist of cluster sizes (i.e., membership numbers) corrected for foreground and background sources as a function of the spectral type of the most luminous member (which we call the target star throughout). We assume for now that there is a well-defined mapping of spectral type on to mass, and also neglect the role of dynamical evolution in modifying the observed cluster sizes from those they had at birth. We return to each of these issues below. Given choices for the stellar mass function, f(m), and the spectrum of cluster sizes, g(N), equation (2) defines the expected size distribution of clusters as a function of the mass of their most massive members. Given a large number of data points, the best approach would be to bin the data in intervals of spectral type, and to test the data in each bin against the predicted distribution for that bin. In the present case, with N * 44 data points in total, we prefer instead to compute a predicted distribution for the entire data set, given the observed distribution of target star masses (m i , i 1Y ¼N * ), i.e.,
The data are then compared with g pred using a Kolmogrov± Smirnov (KS) test. We note that for the model to provide a good fit to the data, satisfying the KS test is a necessary but not sufficient condition. It is possible, in principle, for the summed distribution, g pred , to fit the data whilst the predicted distributions as a function of mass do not. In order to check this possibility, we have also computed various centiles of g m as a function of mass, and compare this with the data.
Parameters
We have employed the stellar mass function proposed by Kroupa, Tout & Gilmore (1990) , which models f(m) as a series of disjoint power laws of slopes 21X1Y 22X2 and 22X35, with breaks in slope at M 0X5 and 1 M ( . We assume that the data are complete down to a uniform mass of 0.2 M ( . [In practice, of course, the completeness will be different for each area surveyed (see Testi et al. 1999 ), but it is not obvious that there is a systematic dependence on target star mass that will bias our results; we will discuss the effect of varying the assumed completeness limit in Section 3.4.] We convert from spectral type to mass using a relation appropriate to main-sequence stars (Allen 1973) , since the majority of stars in the sample are close to the main sequence (Testi et al. 1999) . We note that for Herbig AeBe stars that are not close to the main sequence the relationship between spectral type and mass is much less clearly defined (Hillenbrand 1995) .
The cluster size spectrum is not well constrained observationally, so as an initial guess we have chosen a power law gN G N 21X7 for N in the range 1 to 10 3 (the effect of varying g(N) will be discussed in Section 3.4). We are motivated in part in this choice by measures of hierarchical structure in molecular clouds, which suggest such a spectrum for the mass distribution in molecular clumps (e.g. Blitz 1991; Williams, Blitz & Stark 1995; Schneider et al. 1998) . If the clusters studied here represent the conversion into stars (with an approximately constant mass function and efficiency) of the lower end of this hierarchy, then the slopes of the two spectra would be the same. We note that there is some evidence (e.g. Elmegreen & Clemens 1985; Harris & Pudritz 1994 ) that more populous clusters ± i.e., globular clusters and open clusters ± follow a similar mass spectrum.
Results
Testing the predicted distribution with the above parameters against the data yielded a KS probability of 0.27. We have not performed a parameter search for a best fit, since the number of systematic uncertainties in the problem (e.g., spectral type to mass mapping, completeness limits, effect of dynamical evolution) make a`best fit' not very meaningful. We have, however, demonstrated that for a set of parameters that are not implausible, one cannot reject the null hypothesis. Fig. 1 plots the data (cluster size versus mass) and the median and 10th and 90th centiles of the distribution generated by the model. The data follow the expected trend of increasing median and dispersion of cluster size with mass of target star.
Finally, we perform a further consistency check on our choice of cluster size spectrum by evaluating the expected mass distribution of target stars (equation 3). Fig. 2 (solid histogram) depicts the distribution of target stars over the mass range 2± 10 M ( , whilst the dashed histogram shows the model prediction, normalized to the same number of stars (30) in this mass range.
(We have not plotted the data for M . 10 M ( , since they are dominated by quantization effects due to the assignment of stars to discrete spectral types.) The model clearly provides a very good fit to the data.
Discussion

Dynamical evolution
So far we have neglected any possible evolution of the cluster size distribution, g(N). It is, however, well known (e.g. van Albada 1968; Valtonen & Mikkola 1991; Sterzik & Durisen 1998 ) that few-body clusters dissolve over a few crossing time-scales as a result of point-mass gravitational interactions, whilst gas loss can also lead to cluster dispersal (Lada, Marguilis & Dearborn 1984;1999 RAS, MNRAS 309, 461±464 Figure 1 . The cluster membership number is plotted against mass of target star (solid points) based on the data of Testi et al. (1999) . The solid line represents the median value of N, as a function of target star mass, generated by the model, and the dashed lines denote the 10th and 90th centiles of the model. Goodwin 1997) . As a result, the cluster membership number (defined as the number of sources within an area where the surface density exceeds some ± background-determined ± threshold) is expected to decline with time. Point-mass interactions preferentially eject lower mass stars, so it is unlikely that the identity of the target star will change as the cluster disperses. To first order, therefore, we can approximate the effect of dynamical evolution as causing clusters to descend vertical trajectories in a plot like Fig. 1 .
We have performed simple N-body simulations using nbody3, a regularized direct integration code incorporating the tidal field of a giant molecular cloud, kindly made available by S. J. Aarseth. We set up clusters with various initial membership numbers, N init , contained initially within a volume of radius 0.2 pc, this choice being motivated by the rather narrow spread in observed cluster radii (Hillenbrand 1995; Testi et al. 1999) . The stellar masses are selected at random from the IMF of Kroupa et al. (1990) with a primordial binary fraction of 80 per cent. As the cluster disperses, we record the number of stars contained within the cluster tidal radius, which corresponds to a density of 50 M ( pc 23 . Fig. 3 shows the average and most extreme evolutionary tracks (out of 25 random realizations) for the cases N init 10 and 100.
The large dispersion in evolutionary tracks, caused by the chaotic nature of N-body dynamics, means that it is impossible to deduce the initial membership number of a cluster even if one knew its age. We can, however, make some general comments.
There are two ways in which evolutionary effects might fool one into believing that the data were well described by the model, when in fact the size distribution at birth did not comply with the model. First, one might be concerned that the striking absence of populous clusters N . 10 amongst the lowest mass target stars was just an evolutionary effect. Fig. 3 demonstrates that small clusters do not generally evolve significantly on a time-scale of 2 Myr, but one cannot rule out the possibility that the oldest target stars (with ages up to 10 Myr) might not have evolved from considerably more populous initial conditions. There are, however, plenty of low-mass target stars to which Testi et al. assign an age of 2 Myr or less, so if populous clusters were common around low-mass stars (in contradiction to the null hypothesis) one still has to explain why none of these youngest stars are associated with populous clusters. With this in mind, we have repeated the foregoing analysis, but excluding the eight systems to which Testi et al. assign an age in excess of 2 Myr. The KS probability remains high (0.28), so that this reduced sample provides no grounds for rejecting the null hypothesis.
The other potential problem would occur if evolution were very rapid in the case of highly populous clusters, because then the high-N systems might originate from such extremely populous clusters that again the null hypothesis would be in trouble. Fig. 3 , however, shows that clusters comprising 30±100 stars change their value of N by less than 25 per cent over 2 Myr. Again, the high KS probability associated with the sample from which the oldest systems have been eliminated shows that this is not a serious concern.
Completeness limits
We have also explored the effect of varying the assumed minimum detectable stellar mass. If M min 0X1 M ( , the KS probability falls slightly to 0.2 (with no dynamical evolution corrections applied) due to the fact that the clusters are overall then somewhat less populous than expected from the model. Clearly, the uncertainties associated with correction for dynamical evolution mean that we cannot use the data to distinguish between these two values of the completeness limit: in any case, one would not expect the completeness limit to be the same in each of the areas surveyed (see discussion in Testi et al. 1999) .
Variation of the cluster size spectrum
We have repeated the above calculations (i.e., calculation of the cluster size distribution for a given set of target stars, and calculation of the expected mass distribution of target stars) for a range of power-law cluster size spectra [i.e., gN G N 2a ]. The observed mass distribution of target stars constrains a only weakly: the data are consistent at the 2s level with all models where a $ 1. (Note that as a tends to infinity, it corresponds to q 1999 RAS, MNRAS 309, 461±464 the situation where all clusters contain one star, in which case the target star mass distribution is just equal to the IMF, a result that is consistent with the data.) The observed cluster size distribution, on the other hand, places stronger constraints on a, and requires (for agreement at the 2s level) that a lie in the range 1.5 to 2.
C O N C L U S I O N S
We have demonstrated that the observed correlation between cluster size and spectral type of the target star is entirely compatible with the expectation of random assembly of stars into clusters with a range of sizes. The data contain no strong evidence that there is a physical mechanism favouring the formation of massive stars in large clusters. The degree of agreement between the data and the random assembly model (the null hypothesis) is somewhat dependent on the corrections applied for dynamical evolution, incompleteness and the assumed cluster size spectrum. Good agreement is obtained if it is assumed that clusters follow a spectrum of cluster membership number that is proportional to N 2a , where a lies in the range 1.5 to 2. It is interesting to note that this is precisely the mass distribution measured for clumps in molecular clouds, so that the present data provide the first support for the notion that stellar clustering on the smallest scales inherits its mass spectrum directly from the star-forming gas.
Finally, we note that the conclusion of the present paper (that the data are compatible with a process of stellar mass selection that has no a priori knowledge of the cluster richness) is a disappointing one, inasmuch as the opposite conclusion (what might be termed`cluster-sensitive' models) would have yielded an interesting insight into the physical mechanism behind the mass selection process. If there is indeed such a physical connection between cluster richness and stellar mass spectrum, then in a large enough sample it will eventually show up as discrepant with the null hypothesis. The most critical discriminant between the null hypothesis and cluster-sensitive models is to be found in the relative frequency with which massive target stars are found in small-N clusters (the lower right-hand region of Fig. 1 ), since for low-mass target stars, both types of model predict a shortage of populous clusters. At the high-mass end, however, the null hypothesis predicts that low-N clusters occur quite frequently, whereas in cluster-sensitive models the combination of high target star mass and low-N cluster should be almost unknown. Further data can in principle distinguish between these possibilities. The present paper merely sets up the statistical framework within which any such claims should be assessed.
